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ABSTRACT

The aim of the work was to study the cardioprotective effect of lithium ascorbate in an in vivo model of myocardial
infarction. In the course of the study, we searched for compounds promising for therapy of acute myocardial
infarction.

Materials and methods. Myocardial infarction was modeled in Wistar rats by ligating the left coronary artery
(the duration of ischemia was 45 minutes) followed by ligature loosening and 120-minute reperfusion. All manip-
ulations were performed under alpha-chloralose anesthesia with mechanical lung ventilation and recording heart
rate, blood pressure, and ECG. Lithium ascorbate was administered intravenously at a dose of 100 mg / ml be-
fore ischemia. The area at risk (the ischemia / reperfusion zone) was detected by staining the myocardium with
tightened ligature with 5% potassium permanganate. After that consecutive myocardial slices were prepared, and
infarct size was determined. Differentiation of the infarct size from the area at risk was performed by staining with
1% 2,3,5-triphenyl tetrazolium chloride solution for 30 minutes at 37 °C. The infarct size and the area at risk were
determined by the planimetric method. The serum concentration of myocardial damage marker creatine kinase-MB
(CK-MB) was measured using ELISA Kkits.

Results. Lithium ascorbate reduced the infarct size / area at risk ratio by 38% and decreased the serum CPK-
MB level in the experimental animals by 42% compared to the control group. Lithium ascorbate did not affect
hemodynamics parameters during coronary artery occlusion and reperfusion.

Conclusion. The cardioprotective effect of lithium ascorbate in cardiac ischemia / reperfusion in vivo was found.
Keywords: myocardial infarction, lithium salts, ischemia, reperfusion, arrhythmias
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PE3IOME

Henp — n3ydyeHne KapIUOMPOTEKTOPHOTO AEHCTBHUSI ackopbaTa JIUTHS HA MOJAETH MH(pAPKTa MHOKApAA in vivo.
B xozxe nccnenoBanmii MPOBOAMIICS MOMCK COEUMHEHUH, MEPCTIEKTUBHBIX IS TEPAITMK OCTPOro WH(APKTa MHO-
Kapa.

MarepuaJjbl U MeToabl. MoJienupoBaHie HHpAapKTa MUOKap/a MPOBOANIN Ha KpbicaX JMHUM Bucrap maccoit
250-300 r myTem HaJ0XKEHUs JIUraTyphl Ha JIEBYI0 KOPOHAPHYIO apTepuio (IPOJODKUTENBHOCTD NIIEMHUH 45 MUH)
C MOCIEYIOMUM OCIabIeHneM JIMraTypbl U penepdysueil npopomkuTenbHocThio 120 MuH. Bee Manumysiimu
BBIMOJIHSUTHCEH MO XJIOPATO3HBIM HAPKO30M C HCKYCCTBEHHOW BEHTHIISIIMEH JIETKMX M PETHCTpalued 4acTOThI
Cep/IeuHbIX COKpAIEHHH, apTepuaabHOro JaBICHUS U IEKTPOKapIHOrpaMMbl. AcKopOaT JIUTHS BBOAWIU B J103€
100 mr/mi nepen uiiemueii BHyTpuBeHHo. Onpenersiin 300y pucka (3P) — 3ony umemun/penepdysuu, s 4ero
MHOKap/]l C 3aTSHYTON JIMTaTypoi okpaluBani 5%-M NepMaHraHaTOM Kajus, TOCIIe Yero AeNlaay Mocae0BaTelb-
HbIe Cpe3bl MHOKap/a M Ompenelisuii 30Hy uHbapkra. JuddepeHiupoBKy 30HbI HEKpo3a MHokapzaa ot 3P ocy-
IIECTBIUIN TTyTeM OKpaumBanus 1%-M pactBopoM 2,3,5-Tpud)eHn TeTpasonus xiaopuaa B TedeHue 30 MUH npu
37 °C. Pa3mep 30HBI HH(APKTA 1 30HBI PHCKA ONPeIeIUIH INTAHUMETPUUSCKUM MeTo1oM. KoHIIeHTpainio Mmapkepa
HoBpexAeHHus: MUoKapaa kpeatuHpochokrnHazp-MB (KOK-MB) B cbIBOpoTKe KPOBH OIpEIeIsUId UMMYHO(Ep-
MEHTHBIM METOJIOM.

Pe3yabTaThl. AcKOpOaT JINTHSI CTATHCTUYECKH 3HAYMMO YMEHBIIAI OTHOIICHHe 30HbI MH(apkTa K 3P Ha 38% n
cHiKall ypoBeHb KOK-MB B cbIBOpOTKE KPOBU 3KCIIEPUMEHTANIBHBIX KUBOTHBIX Ha 42% 110 CPaBHEHUIO C IPyII-
MO KOHTPOJIsL. AcKkopOar JINTHS He MOBJIHSUT Ha ITapaMeTphl TeMOJIMHAMHKHI Ha BCEX JTarax pa3BHTHS KOPOHAPO-
OKKITIO3HMH U perepdy3ni.

3akiiroueHne. Y CTaHOBICHO KapIMOMIPOTEKTOPHOE ACHCTBHE acKopOaTa JINTHS P UIIeMHH/periepdy3un cepaia
in vivo.

KiroueBble ciioBa: HHGAPKT MUOKAp/a, COJM JIUTHS, HLLIEMUs], pernepdy3ust, apUTMUH
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INTRODUCTION

Cardiovascular diseases (CVD) are the leading
cause of death worldwide. Despite the development
of effective emergency care and primary prevention
measures, CVD prevalence remains high [1].
In Russia, more than 50,000 people die from
myocardial infarction each year, which accounts for
more than 2.5% of all-cause mortality [2]. Among
all CVDs, myocardial infarction remains the most
common acute condition with high mortality. This
fact indicates the relevance of developing new and
more effective cardioprotective drugs.

Currently, the main approach in complex
therapy of myocardial infarction is rapid myocardial
reperfusion (surgical or pharmacological), which
implies restoration of blood supply to ischemic heart
tissue. A related approach is cardioprotection, which
involves pharmacological protection of myocardial
cells in cardiac ischemia and reperfusion. Broadly
speaking, cardioprotection includes all drugs and
agents that can preserve the pumping function of the
heart, reduce infarct size, and prevent the occurrence
of life-threatening arrhythmias by reducing or
preventing myocardial damage.

Such drugs include compounds from different
pharmacologic classes, including, for example,
beta-blockers, which have a long history of use
and clinically proven cardioprotective effects. The
cardioprotective effect of opioid receptor agonists has
been proven in a number of studies [3, 4]. However,
many drugs have not proven to be effective in clinical
trials [5]. The search for new cardioprotective agents
continues due to the high relevance and demand.

At the same time, some compounds are not
widely used in cardiology, despite their significant
cardioprotective potential. Lithium salts can refer
to this group. It was previously shown that lithium
chloride has a neuroprotective effect and allows

to reduce neuronal tissue damage in the zone of
ischemic stroke [6—8]. It should be noted that
lithium salts are widely used in psychiatry as mood
stabilizers for the treatment of affective disorders,
so the pharmacokinetics and toxicology of lithium
are well known from clinical practice. However, the
potential of these drugs is not limited to the treatment
of mental disorders. In particular, the protective
effect of lithium in ischemic conditions has been
proven. In this regard, CVDs are the most promising
target for lithium therapy. The development of this
area requires the study of the mechanisms of action
and the search for new applications of lithium salts.

The studies published to date allow to conclude
that the anti-ischemic effect of lithium may be
manifested not only in relation to the brain, but also
in relation to other organs [9]. It is important to note
that even though lithium has been used in medicine
for almost a century, the mechanism of action of
lithium salts in myocardial infarction has not been
studied. Previously lithium has been shown to have
cardioprotective effects on isolated myocardium
[10]. Most of the described studies consider inorganic
lithium salts, primarily chloride and carbonate. The
therapeutic potential of lithium salts can be expanded
by selecting an anionic component with antioxidant
activity, which increases antioxidant properties of
the salt and enhances cytoprotective properties in
oxidative stress.

The aim of this work was to study the
cardioprotective effect of lithium ascorbate in an in
vivo model of myocardial infarction.

MATERIALS AND METHODS

All experiments were carried out in compliance
with the principles of humanity set out in the
Directives of the European Community (86/609/
EEC) and the Declaration of Helsinki. The equipment
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ofthe Center for Collective Use “Medical Genomics”
of Tomsk NRMC was used in the work.

Lithium ascorbate was used as a test preparation.
For these experiments, lithium ascorbate was
obtained ex tempore by reaction between ascorbic
acid and lithium carbonate (ACS reagents, Sigma-
Aldrich) according to the described method [11].
The white powder was obtained, which was tested
for authenticity using infrared (IR) spectrometry and
elemental analysis. Lithium ascorbate was dissolved
in normal saline and injected intravenously during
the experiment.

Wistar rats weighing 250-300 g were used as
experimental animals. The animals were kept in
standard conditions, with natural day and night
regimen and unlimited access to food and water.
Before performing the experimental procedures, the
animals were randomly distributed into two groups
of eight rats each (control and experimental group).
In the experimental group, the drug was injected into
the femoral vein at a concentration of 100 mg/ ml in
1 ml of normal saline 10 minutes before ischemia. A
similar volume of saline solution was injected into
the femoral vein in the control group 10 minutes
before ischemia.

Solution of a-chloralose (Sigma) was used for
anesthesia during surgical modeling of myocardial
infarction (intraperitoneal injection at a dose of 60
mg / kg). Anesthetized animals were then connected
to the SAR-830 Series mechanical ventilation
system (CWE Inc., USA). Heart rate (HR) and
blood pressure (BP) were measured using the
SS13L pressure sensor (Biopac System Inc., Goleta,
USA). The sensor was connected to the MP35 data
acquisition system (Biopac System Inc., Goleta,
USA). Electrocardiography was also performed
on this device; ECG was recorded automatically
throughout the experiment. Direct surgery on the
heart was carried out according to the method of J.E.
Schultz et al. [12].

Ligation of the left coronary artery was
performed, which resulted in controlled ischemia
in its basin. After 45 minutes of ischemia, the
ligature was removed and blood flow restoration
was confirmed by the emergence of hypraemia. The
reperfusion period lasted 120 minutes. The detection
of the necrotic zone and myocardial area at risk was
performed according to the method described in
the study by J. Neckar et al. [13]. To do this, after

completion of the reperfusion period, the heart was
removed followed by retrograde flushing. The heart
was flushed with normal saline through the aorta.

The area at risk, i.e. the myocardial area subject
to ischemia — reperfusion injury, was identified as
follows. The ligature applied for ischaemia was re-
ligated, and the cardiac muscle tissue was stained
through the aorta with 5% potassium permanganate
solution. After flushing the heart with normal saline, it
was frozen and sliced perpendicular to the longitudinal
axis in 1-mm-thick slices using the HSRAO0OI-1
precision slicer (Zivic Instruments, Pittsburgh, USA)
according to standard histologic techniques.

Visual differentiation of the necrotic zone
(NZ) from the area at risk (AAR) was performed
by treating with a 1% solution of 2,3,5-triphenyl
tetrazolium chloride for half an hour in the
thermostat at 37 °C. During this process, oxidized
2,3,5-triphenyl tetrazolium chloride is reduced under
the effect of dehydrogenases, which is manifested
by the emergence of permanent staining. Active
dehydrogenases were absent in the zone of heart
muscle necrosis, and, consequently, this zone was
not stained. At the end of treatment, all slices were
fixed with 10% formalin for 24 hours. The obtained
myocardial tissue samples were scanned from
different sides using the HP Scanjet G4050 scanner.
The sizes of AAR and NZ were determined by the
planimetric method. The infarct size was expressed
as a percentage of the hypoperfusion zone (AAR)
as the NZ / AAR ratio. The activity of CPK-MB
was determined using ELISA kits (Cloud-Clone
Corp, Wuhan, China). CPK-MB in blood serum was
determined using the Infinite 200 PRO microplate
reader (Tecan GmbH, Austria).

Statistical analysis of the data was performed
using specialized GraphPad Prism 9 (GraphPad
Software, CA, USA) and MS Excel (Microsoft,
USA) software. The results were shown as the mean
and the standard deviation (M £ m). The statisctical
significance of the differences between the groups
were identified using the Mann — Whitney test. The
differences were considered significant at p < 0.05.

RESULTS

The assessment of HR dynamics at various stages
ofinfarction modeling with lithium is shown in Figure
1. The assessment of BP dynamics at various stages
of infarction modeling when exposed to lithium is
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presented in Figure 2. The results of the evaluation
of lithium cardioprotective effect parameters on the
myocardial infarction model are presented in Tables

Fig. 1. Heart rate (HR) assessment in the animals at different time points during the experiment, bpm; c/o — coronary occlusion (45 minutes);
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1 and 2. The evaluation of heart rhythm disturbances
during ischemia — reperfusion injury is shown in

Table 3.

HR before 1/p

Measurement time point

m Lithium ascorbate

BP before r/p  BP 30 min after r/p

BP before the
injection

1/p — reperfusion (120 minutes).

BP before c/o

HR 30 min

after r/p

Measurement time point

B Lithium ascorbate

HR 2 h after t/p

BP 2 h after t/p

Fig. 2. Blood pressure (BP) assessment in the animals at different time points during the experiment, mm Hg; c/o — coronary
occlusion (45 minutes); 1/p — reperfusion (120 minutes).

Table 1

Calculated sizes and parameters of myocardial infarction area (45-minute ischemia, 120-minute reperfusion)
in experimental animals, M + m

Group Necrotic zone, mg Area at risk, NZ/AAR. % Right ventricular Left ventricular
mg mass, mg mass, mg
Control, n =8 271 +52 561+ 101 48+3 187 +12 988 + 11
Lithium ascorbate, n = 8 119 £ 32* 394 + 95 30 £ 2% 181+ 10 +11

* statistically significant difference from the control group, p < 0.05 (here and in Table 2)
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Table 2

Creatine phosphokinase-MB concentration in the blood
serum of rats with modeled myocardial infarction (45-minute
coronary occlusion, 120-minute reperfusion), M + m

Group Serum CPK-MB concentration, U / 1
Control, n=8 1043 +13.2
Lithium ascorbate, n = 8 60.5 +10.4*

Table 3

Frequency and types of arrhythmias in the rats with
modeled myocardial infarction at the stage of ischemia
(45-min coronary occlusion), %

Ischemia (45 min)
G . Multiple . .
roup Without ventricular Ventricular | Ventricular
arrhythmias tachycardia | fibrillation
extrasystoles
Control, 0 100 87.5 25
n=_§
Lithium
ascorbate, 12.5 87.5 62.5 12.5
n=2_8

Note. Dataare shown as a percentage from the corresponding animal
group.

DISCUSSION

The experimental drug was administered to the
animals intravenously at a dose of 100 mg / ml in
normal saline in a volume of 1 ml 10 minutes before
the onset of ischemia. The control group received
intravenously normal saline in the same volume,
and no significant changes in hemodynamics were
observed immediately after administration (Fig.
1, 2). Lithium ascorbate did not affect HR (Fig. 1)
and BP values (Fig. 2) at all stages of the ischemia
development. During the development of ischemia,
a slight trend toward a decrease in BP and HR was
noted. However, even at the final stage of reperfusion,
these parameters did not significantly differ from the
baseline values in the animals.

The assessment of myocardial ischemic damage
under lithium ascorbate exposure showed a decrease
in cardiomyocyte death, which was expressed in
a significant decrease in the NZ / AAR ratio by
38% compared to the control group (Table 1). The
decrease in this parameter reflects greater myocardial
preservation in AAR and a proportional decrease
in the zone of ischemic heart injury during lithium
exposure. Significant reduction of myocardial
damage is confirmed by the biochemical analysis of
serum CPK-MB level in the experimental animals
(Table 2). We detected a decrease in the CPK-MB

level in myocardial infarction under lithium exposure
by 42% compared to the control group (blood was
taken at the final stage after coronary occlusion and
reperfusion).

Thus, it can be concluded that lithium
administration before ischemia is accompanied by a
pronounced cardioprotective effect, manifested by a
decrease in the infarct size and serum concentration
of CPK-MB, a myocardial cell damage marker. At
the same time, lithium ascorbate administration was
not accompanied by hemodynamic deterioration at
the stages of coronary occlusion and reperfusion in
the experimental animals. During all manipulations,
HR was monitored, which is an important parameter
in assessing the cardioprotector effectiveness. In this
context, it is important to note that in clinical practice,
life-threatening ventricular arrhythmias are a severe
complication usually accompanied by a decrease
in myocardial contractility [14]. The occurrence of
such arrhythmias adversely affects the prognosis in
patients with myocardial infarction and often leads
to death [15].

In this study, various arrhythmias, including
multiple ventricular extrasystoles, ventricular
tachycardia, and ventricular fibrillation, were
identified in the control group (Table 3). The identified
arrhythmias were generally reversible and sinus
rhythm was restored and, in some cases, transitioned
to another cardiac rhythm disturbance, so there could
be more than one type of arrhythmia in one animal.
After 45-minute ischemia, no arrhythmias occurred
in all experimental groups, so the antiarrhythmic
effect was assessed only during ischemia. The
group which received lithium ascorbate showed
a decrease in arrhythmias of all types, including
ventricular fibrillation that is the most critical one,
but no statistically significant differences were found
compared to the controls during this experiment
(Table 3).

The presented results are consistent with the
literature data obtained on isolated organs [16].
Several most probable mechanisms of lithium effect
during ischemia explain the cardioprotective effect
of lithium, including competitive antagonism to the
main biological ions (Na, K), induction of nitric
oxide synthesis, and influence on protein kinases
and related metabolic pathways. These pathways
are known to be involved in the realization of the
cardioprotective effects of opioids [17]. It has been
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previously shown that the effect on ATP-sensitive
potassium channels (KATP channels) plays an
essential role in cardioprotection and pathological
process in myocardial infarction [18]. As a target of
lithium, these channels are protein structures whose
activity isregulated by intracellular nucleotides. They
act mainly in muscles and neurons, where, under
conditions of energy shortage in the form of ATP,
they can reduce cell excitability, which contributes to
its survival under stressful conditions. It is important
to note that lithium can exert multiple effects on a
number of targets simultaneously in different tissues
[9]. The results obtained imply further study of the
cardioprotective effect of lithium salts.

CONCLUSION

The results of the study revealed an infarct size-
limiting effect of lithium ascorbate with no significant
effect on hemodynamics. During the experiment, we
detected a decrease in myocardial NZ by 38% and a
fall in the serum CPK-MB level by 42% compared
to the control group.
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